In an evidence-based approach to clinical care, the evidence from clinical research should be integrated with clinical expertise, pathophysiological knowledge, and an understanding of patient values ([@B1]). Some advocates of evidence-based medicine argue that the best evidence comes from systematic reviews of all relevant studies, and they place systematic reviews at the top of the evidence pyramid ([Fig. 1](#F1){ref-type="fig"}). As outlined by Dr. Home in the point narrative ([@B2]), we acknowledge that there are limitations and biases associated with the systematic review and meta-analysis process. However, for the purpose of this discussion, we take the view that this process is an indispensable tool in evidence synthesis. In our counterpoint highlighting the critical role of systematic review and meta-analysis in diabetes research and clinical practice, we will *1*) review how to ensure that a systematic review follows a scientifically rigorous process for minimizing errors or bias, *2*) explain how a systematic review adds to what is known from randomized controlled trials (RCTs), and *3*) give examples of how a rigorous systematic review and meta-analysis can and has guided clinical decision making in diabetes care.

![Evidence-based medicine pyramid. The levels of evidence are appropriately represented by a pyramid as each level, from bottom to top, reflects the quality of research designs (increasing) and quantity (decreasing) of each study design in the body of published literature. For example, systematic reviews are higher quality and more labor intensive to conduct, so there is a lower quantity published.](3368fig1){#F1}

The Science of Systematic Reviews and Meta-Analysis {#s1}
===================================================

History and current guidelines {#s2}
------------------------------

According to the definitions used by The Cochrane Collaboration, a systematic review is the process of collecting, reviewing, and presenting all available evidence related to a clearly formulated question that uses systematic and explicit methods ([@B3],[@B4]). Meta-analysis is the statistical technique for extracting and combining data to produce a summary result of the included studies ([@B3],[@B4]). Depending on the presentation and heterogeneity of the data, a systematic review may or may not include a meta-analysis.

Guidelines have been developed to guide the performance of systematic reviews because of concerns about inconsistent methods and the potential for introducing bias and error in the review process as already discussed by Home. In 1996, an international group developed the QUOROM Statement (QUality Of Reporting Of Meta-analyses) for reporting of meta-analyses of RCTs ([@B5]). A similar set of guidelines for reporting meta-analyses of observational studies, MOOSE (Meta-analysis Of Observational Studies in Epidemiology) guidelines, was published in 2000 ([@B6]). In 2009, the QUORUM statement was revised, updated, and renamed the PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) statement to address several conceptual and practical advances in the science of systematic reviews ([@B3]). The PRISMA statement emphasizes *1*) the iterative process of conducting a systematic review, *2*) that conduct and reporting of the research are distinct processes, *3*) the importance of study level versus outcome level risk of bias assessment, and *4*) the importance of reporting bias ([@B3]). The goal of the PRISMA statement is to help authors improve reporting of systematic reviews and meta-analyses ([@B3]). It includes a 27-item checklist and four-phase diagram ([@B3]) ([Supplementary Table 1](http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc13-1196/-/DC1) and [Supplementary Fig. 1](http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc13-1196/-/DC1)) that can be applied to studies including RCTs as well as other types of research ([@B3]). Most recently, the Institute of Medicine published a report on standards for systematic reviews ([@B7]). The report presents specific standards for each of the following aspects of a systematic review: initiating a systematic review, finding and assessing studies, synthesizing evidence, and reporting results ([Supplementary Table 2](http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc13-1196/-/DC1)).

Steps of the systematic review process {#s3}
--------------------------------------

[Table 1](#T1){ref-type="table"} summarizes the steps in the systematic review process along with recommendations to avoid bias and error in the review process as articulated by Home. We believe that it is critically important to conduct and report systematic reviews using rigorous, established guidelines ([@B3],[@B6]) (see [Supplementary Table 1](http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc13-1196/-/DC1)).
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Clinical Questions Addressed by Systematic Reviews and Meta-Analyses {#s4}
====================================================================

A rigorous review conducted according to the established guidelines summarized above can address important clinical questions that cannot be fully answered by RCTs alone and can be a powerful tool in evidence synthesis. We highlight the types of critical gaps that systematic reviews and meta-analyses can fill, along with examples from diabetes literature, and highlight their value that cannot be replicated by other study designs.

RCTs may be unable to draw definitive conclusions {#s5}
-------------------------------------------------

Well-designed RCTs are considered the gold standard for answering clinical research questions because they have the lowest risk of bias. However, there are many circumstances in which RCTs alone fail to provide definitive conclusions. These include the following: *1*) multiple RCTs yield conflicting results making definitive conclusions unclear; *2*) certain clinical outcomes, such as cardiovascular end points, require longer term follow-up than the duration of the RCTs; *3*) individual RCTs are underpowered to identify significant adverse events; and *4*) randomization to certain exposures is unethical. In these circumstances, systematic review and meta-analysis of the existing literature in a specific area, using a rigorous, scientific approach, can be a powerful tool in evidence synthesis to guide future research, clinical guideline development, and health care policy.

Multiple RCTs yield conflicting results {#s6}
---------------------------------------

Our scientific approach to medicine generally requires more than one RCT to make a definitive conclusion. This necessary replication can inevitably result in situations in which multiple trials yield conflicting results, making definitive conclusions unclear. In this circumstance, a well-done meta-analysis can provide a means of data synthesis and reconciliation to improve understanding of conflicting results. For example, an initial RCT of adult intensive care unit (ICU) patients (primarily surgical) demonstrated that tight glycemic control, achieved with intravenous insulin infusion to maintain a glucose target of 80--110 mg/dL, significantly reduced total mortality and mortality secondary to multiorgan failure from a septic focus ([@B8]). As a result, professional organizations recommended an ICU glycemic target of 80--110 mg/dL, a noncritical care target of 110 mg/dL preprandially, and a maximum glucose of 180 mg/dL ([@B9]). Subsequent trials in medical ICU patients and other settings, however, did not confirm these findings ([@B10],[@B11]), and one large clinical trial found increased mortality in the intensive insulin therapy group ([@B11]). Similarly, an initial clinical trial of tighter compared with conventional peri- and postoperative glycemic control in myocardial infarction patients showed a significant reduction in mortality ([@B12]); however, this was not confirmed in a subsequent follow-up trial ([@B13]). Because of conflicting trial data, two meta-analyses were undertaken to synthesize the literature, including these RCTs as well as several others. While one meta-analysis showed a significant reduction in septicemia with tight glucose control compared with conventional control ([@B14]), the other, which was published after 2008 and included the Normoglycemia in Intensive Care Evaluation and Survival Using Glucose Algorithm Regulation (NICE-SUGAR) trial, showed no difference in clinical outcomes ([@B15]). Both meta-analyses demonstrated that tight glycemic control was not associated with a reduction in mortality and was associated with a significantly increased risk of hypoglycemia ([@B14],[@B15]). Consequently, professional organizations took appropriate steps to alter inpatient glycemic targets to safer and achievable levels and currently recommend an ICU target of 140--180 mg/dL and a preprandial target of less than 140 mg/dL with a maximum glucose of 180 mg/dL in non-ICU settings ([@B16]). Thus, well-done meta-analyses have guided appropriate alteration of clinical practice guidelines as new but conflicting data became available.

Informing diabetes diagnosis, monitoring, and clinical treatment {#s7}
----------------------------------------------------------------

The systematic review process can inform decisions regarding diagnostic strategies for diabetes. A systematic review of the characteristics of postpartum screening tests in women with a prior history of gestational diabetes mellitus showed that a single fasting blood glucose was not a sensitive screening test compared with the standard oral glucose tolerance test for detecting type 2 diabetes, suggesting that it should not replace currently recommended screening test ([@B17]). This review also pointed out important limitations of the existing literature in this area ([@B17]). Thus, a rigorous systematic review also brings attention to gaps in evidence and the need for more research to address important clinical questions.

Systematic reviews and meta-analysis can also inform treatment practices in the monitoring and clinical management of diabetes. In recent years, many advances have been made in technologies to deliver insulin (continuous subcutaneous insulin infusion \[CSII\]) and to monitor glucose (real-time continuous glucose monitoring \[rt-CGM\]); however, their comparative effectiveness as well as the populations most likely to benefit had not been clearly demonstrated ([@B18]). Because these technologies are expensive and may be heavily marketed, objective information about their comparative effectiveness with conventional approaches is important so that patients and health care providers can make informed decisions. A recent systematic review and meta-analysis of RCTs showed that multiple daily injections (MDIs) and analog-based CSII had similar effects on hemoglobin A~1c~ (HbA~1c~) levels ([@B18]) and severe hypoglycemia in children and adults with type 1 diabetes and in adults with type 2 diabetes, indicating that glycemic goals can be achieved with either method of intensive insulin delivery and that CSII is not superior ([@B18]). In contrast, two recent meta-analyses demonstrated that compared with self-monitoring of blood glucose (SMBG), rt-CGM achieved lower HbA~1c~ without differences in severe hypoglycemia in individuals with type 1 diabetes ([@B18],[@B19]). In addition, sensor-augmented insulin pumps, which combine CSII with rt-CGM, significantly decreased HbA~1c~ more than MDI with SMBG in patients with type 1 diabetes ([@B18]). These studies suggest that using rt-GCM may have a favorable impact on glycemic control regardless of the methods of insulin delivery; however, as pointed out as a limitation of the review, the current literature does not allow a comparison of rt-CGM versus SMBG in patients only using CSII or only using MDI because the modes of insulin delivery were mixed ([@B18]). Therefore, the systematic reviews and meta-analyses identified a need for additional clinical trials in the area of glucose monitoring.

Detecting adverse events {#s8}
------------------------

Most RCTs have inadequate power to identify serious adverse events, but systematic reviews and meta-analyses of RCTs, supplemented with observational studies, can provide more power to detect such events, particularly when multiple, small studies have been conducted. Meta-analyses initially raised concern about the increased risk of myocardial infarction in individuals taking rosiglitazone compared with placebo, other agents, or pioglitazone ([@B20],[@B21]). This ultimately led the Food and Drug Administration to issue a black box warning for rosiglitazone. In addition, meta-analyses have shown that thiazolidinediones are associated with increased risk for congestive heart failure and bone fracture compared with other agents ([@B22],[@B23]). These signals may not have become apparent without well-conducted meta-analyses.

Estimating effect sizes for clinical treatments and clinical trial design {#s9}
-------------------------------------------------------------------------

Well done meta-analyses provide reliable information about anticipated effect sizes for clinical treatment decisions. This is particularly valuable when the optimal choice of treatment is sensitive to a patient's views about the seriousness of potential complications or outcomes. Information about expected treatment effect sizes can also be helpful to investigators when they are planning RCTs. For example, treatment effect sizes from a meta-analysis of observational studies can be used to estimate *1*) anticipated treatment effect sizes in an RCT comparing two interventions and *2*) the number of participants necessary to have adequate power to detect that effect. A recent meta-analysis of the comparative effectiveness of various two-drug combinations for treatment of type 2 diabetes found that the combinations similarly reduced HbA~1c~ by 1 percentage point, although with different side effect profiles ([@B23]). Which drug combinations are most effective for various patients remains an important clinical question. Building on this meta-analysis, an RCT, the Glycemic Reduction Approaches in Diabetes: A Comparative Effectiveness Study (GRADE), is currently underway to compare various combination treatment approaches with metformin in patients with type 2 diabetes ([@B24]). This trial will confirm or refute the effect sizes for various outcomes suggested by the prior meta-analysis.

Answering clinical questions not amenable to RCTs {#s10}
-------------------------------------------------

Though considered the gold standard, RCTs are unable to answer all questions because it is not feasible and/or ethical to randomize patients to certain exposures, necessitating observational study designs that can be incorporated into systematic reviews to identify novel risk factors for disease outcomes. For example, individuals cannot be randomly assigned to having a depressive disorder versus not, but observational studies can be used to define the experience and outcomes of individuals who do and do not have depressive disorders. Well-done meta-analyses published in *Diabetes Care* have identified depression as a risk factor for insulin resistance ([@B25]), metabolic syndrome ([@B26]), and type 2 diabetes ([@B27]). Identification of such novel risk factors for adverse metabolic outcomes set the stage for future preventive intervention trials to determine if treatment for depression improves insulin resistance and/or prevents metabolic syndrome and diabetes.

In some instances, it is unethical to randomize individuals to certain exposures. The Thiazolidinedione Intervention with Vitamin D Evaluation (TIDE) trial was designed as a postmarketing study to compare the cardiovascular safety of rosiglitazone and pioglitazone ([@B28]). However, as concerns accumulated about the adverse events of rosiglitazone, the TIDE trial was halted because it was deemed unethical to continue exposure to rosiglitazone ([@B28]). Hence, meta-analyses of prior RCTs and observational studies may provide the best way to examine the association of rosiglitazone with important long-term clinical outcomes. Finally, certain clinical outcomes, such as cardiovascular end points, require longer term follow-up than the duration of the RCTs and necessitate longitudinal, observational studies that can subsequently be included in systematic reviews and meta-analyses.

Enhancing the generalizability/applicability of RCTs {#s11}
----------------------------------------------------

Many RCTs have very restrictive entry criteria, often resulting in homogenous populations or populations that are not truly reflective of the race/ethnic or sex distribution of the individuals with the disorder of interest, limiting their generalizability. A systematic review of observational studies that includes more diverse populations can address these concerns. For example, RCTs comparing bariatric surgery to medical therapy for weight loss in patients with type 2 diabetes ([@B29],[@B30]) or for weight loss in the prevention of type 2 diabetes ([@B31]) have included primarily Caucasian populations. Two studies were conducted exclusively in European Caucasian populations ([@B30],[@B31]), and the participants in one U.S. study were 74% Caucasian ([@B29]), but it is well established that ethnic minority populations have the highest prevalence and risk of type 2 diabetes ([@B32]). A recently published meta-analysis attempted to initially address the important issue of effectiveness of bariatric surgery in individuals of African and Caucasian descent and showed that the percent estimated weight loss was greater in Caucasians compared with African Americans ([@B33]). These data, which could not be derived from existing RCTs, point to the need for future bariatric surgery trials to reflect the race/ethnic composition of the population that has diabetes and to determine the reasons for these disparities.

Identification of low/insufficient strength of evidence and future research needs {#s12}
---------------------------------------------------------------------------------

Modern systematic reviews require assessment of the strength of evidence for the key research questions examined ([@B3]). Associations and comparisons for which the strength of evidence is low or insufficient can point to important areas for future research and where to allocate research resources. In the area of diabetes treatment, strength of evidence was moderate for race/ethnic differences in percentage estimated weight loss in patients with diabetes undergoing bariatric surgery; however, strength of evidence was poor for race/ethnic differences in remission of type 2 diabetes with bariatric surgery ([@B34]). In comparing various type 2 diabetes medications on long-term clinical outcomes, strength of evidence was low or insufficient for all-cause mortality, cardiovascular disease morbidity and mortality, and the microvascular outcomes of neuropathy and retinopathy ([@B23]). Finally, while strength of evidence was moderate for the comparative effectiveness of CSII versus MDI on HbA~1c~ in patients with diabetes, it was low or insufficient for their effects on hyperglycemia, hypoglycemia, weight gain, quality of life, and long-term clinical outcomes ([@B18]). All of these data point to critical areas for additional research and the need for rigorous and appropriate study designs to assess the most relevant outcomes. For example, it may not be feasible to conduct a large, long-term study of the comparative effectiveness of CSII versus MDI on cardiovascular outcomes, and future studies will have to consider the appropriateness of using surrogate or intermediate outcomes as alternatives.

Contributing to conflict-free guideline development {#s13}
---------------------------------------------------

Finally, using rigorously conducted systematic reviews and meta-analyses to inform guideline development permits them to be compiled in an objective and conflict-free manner ([@B34]). The preference is to use systematic reviews of RCTs when available, but in the absence of RCTs, systematic reviews of observational data can provide another, albeit slightly lower, level of evidence. A study recently examined whether guidelines on oral medications for treatment of type 2 diabetes were consistent with systematic review of the current evidence ([@B35]). Eleven guidelines were identified through their systematic review process from several different professional organizations and institutions. They found that 7 out of 11 guidelines agreed that metformin is favored as first-line therapy, 10 out of 11 agreed that thiazolidinediones were associated with higher rates of edema and congestive heart failure compared with other agents, and only 5 of 11 guidelines agreed with all 7 conclusions from the prior systematic review ([@B35]). The guidelines with recommendations that were consistent with current evidence were the highest quality. A recent study found that low-quality systematic reviews were cited in 24 endocrinology clinical practice guidelines and used as the main evidence for five recommendations, with only one recommendation acknowledging the systematic review quality ([@B36]). Thus, the quality of the current guideline development process that informs clinical practice is quite variable, and high-quality systematic reviews and meta-analyses, using the approaches we have outlined, can contribute to evidence-based recommendations.

CONCLUSIONS {#s14}
===========

Systematic reviews and meta-analyses are indispensable tools in evidence synthesis when they are performed in a rigorous manner following established guidelines for minimizing bias and error. They are indispensable in the context of conflicting RCT data, detecting adverse events, informing disease monitoring and treatment, addressing clinical questions not amenable to RCTs, enhancing the generalizability/applicability of RCTs, and identifying areas of low and/or insufficient strength of evidence for future research. Systematic reviews and meta-analyses will continue to play a critical role in developing unbiased guidelines that take into consideration an assessment of the risk of bias of individual studies as well as the overall strength of available evidence.
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